Eustoma grandiflorum is a popular ornamental flower worldwide. The production of transgenic Eustoma is expected to help in the study and modification of its traits, such as growth, flowering time, flower color, and flower shape. Agrobacterium-mediated transformation of leaf disks is a frequently used method of plant transformation. To improve the transformation efficiency of Eustoma, I focused on two steps: the inoculation of Agrobacterium into the leaf disks, and subsequent cocultivation. The effect of detergent in the inoculation buffer was tested. Given its marginal effect on the viability of the disks, Tween 20 was determined to be a better candidate for use in the buffer. Acetosyringone is known to improve transformation efficiency by up-regulating the virulence of Agrobacterium. In previous studies using Eustoma, the effect of this compound has only been tested during inoculation. However, I studied the effect of acetosyringone by adding it to the inoculation as well as the co-cultivation medium. When added to the co-cultivation medium, acetosyringone significantly increased the number of transformed calli harboring a marker transgene. More than 0.7 callus per leaf disk was obtained by adding acetosyringone, whereas less than 0.03 callus per disks were obtained in its absence. Thus, the mediated incorporation of a transgene into the Eustoma genome can be intensified by the addition of acetosyringone to the co-cultivation medium.
It is important to establish an efficient transformation technique that would aid further research and breeding studies on Eustoma.
Agrobacterium-mediated transfor mation of plant leaf disks is widely used to study the biological function of genes and produce crops with novel traits. This transformation involves infecting leaf disks with Agrobacterium, the cells of which subsequently die along with the transformed calli being selected and regenerated into plants. For Eustoma, the growth environment and medium composition required for callus formation and plant regeneration have already been well standardized (Isuzugawa et al. 2002) . Although transformation efficiency was not calculated in all previous studies, generally 2-3 transformants are obtained per 100 explants (Semeria et al. 1996; Ledger et al. 1997; Isuzugawa et al. 2002) . In this study, we focused on the infection step, which entails the inoculation of Agrobacterium into the leaf disks and co-cultivation for enhanced infection efficiency.
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Introduction
Eustoma grandiflorum, a member of the family Gentianaceae, has become a popular ornamental flower worldwide. However, there are some problems, such as heat-induced rosetting (Ohkawa et al. 1991) , reduced rate of flowering under low temperature (Nakano et al. 2011) , and flower bud necrosis under low light intensity (Ushio and Fukuta 2010) , which reduce the productivity of Eustoma. To study the growth and flowering habits of Eustoma by introducing a gene of interest, it is important to develop an efficient transformation method. Transgenic breeding is employed in ornamental flower plants for altering the flower shape, color, and other properties. In a study aimed at improving the disease resistance in Eustoma by the stable integration of a candidate gene, Isuzugawa et al. (2002) evaluated the factors affecting the transformation of Eustoma. Thiruvengadam and Yang (2009) also reported a transformation method for altering the flowering time and flower shape in Eustoma.
Growth conditions of plants and bacteria
Aseptically cultured Eustoma plants were used as the experimental material. Seeds of E. grandiflorum 'Tenryu White' (Miyoshi, Tokyo, Japan) and 'Shihai' (Fukkaen, Nagoya, Japan) were surface-sterilized by washing with 70% ethanol for 1 min and 5% sodium hypochlorite for 10 min. The seeds were subsequently washed three times with distilled water and inoculated on Murashige-Skoog (MS) medium containing 8 g L ) using fluorescent tubes. Disks (5 mm in diameter) were punched out from the leaves by using a sterilized cork borer. Agrobacterium tumefaciens strain LBA4404 harboring the vector pBI121 (Clontech, California, USA) was cultured overnight at 28°C in LB medium supplemented with 50 mg L -1 of kanamycin and 50 mg L -1 of streptomycin. The bacterial cells were collected by centrifugation at 5,000 × g for 5 min at 20°C, and then resuspended in inoculation medium as described below.
Effects of detergents on leaf disk viability
Leaf disks were soaked in MS liquid medium supplemented with Triton X-100, Tween 20, or Silwet L-77, at concentrations of 0.01 or 0.1% for 15 min. The disks were blotted on filter paper and then grown on callus induction MS (CIM) medium consisting of 1× MS salts, 8 g L -1 of agar, 20 g L -1 of sucrose, 1.0 mg L -1 of 6-benzylaminopurine, and 1.0 mg L -1 of 1-naphthaleneacetic acid for 7 days. The disks whose cut surface stayed green were counted as viable. A total of 20 leaf disks was used for each treatment.
Effect of acetosyringone on transformation
The A. tumefaciens pellet was resuspended in MS medium containing 0, 0.1, or 1.0 mM of acetosyringone (AS) to an optical density of 0.5 at 600 nm. The leaf disks were soaked in the bacterial suspension for 30 min and then blotted on filter paper for about 5 min. The disks were then placed on the co-cultivation medium (CIM medium supplemented with 0, 0.01, or 0.1 mM of AS). After co-cultivation at 25°C for 2 days in the dark, the disks were placed on CIM medium supplemented with 500 mg L -1 of carbenicillin for 2 days under continuous lighting to kill the Agrobacterium cells (Isuzugawa et al. 2002) . To select the transformed cells using kanamycin resistance, the disks were transferred onto CIM medium supplemented with 100 mg L -1 of carbenicillin and kanamycin each, and then incubated for 4 weeks.
Histochemical β-glucuronidase staining
β-Glucuronidase (GUS) activity was tested according to Jefferson et al. (1987) . The leaf disks were incubated in 50 mM sodium phosphate buffer, pH 7.0, containing 10% methanol, 10 mM of EDTA, 1 mM of potassium ferricyanide, 1 mM of potassium ferrocyanide, 0.2 mg ml -1 of 5-bromo-4-chloro-3-indolyl-β-D-glucuronide cyclohexylammonium salt (X-Gluc), and 0.1% Triton X-100 at 30°C. Termination of staining and bleaching were performed by soaking the disks in 80% ethanol.
Genomic PCR
Genomic PCR was performed by using KOD FX (TOYOBO, Osaka, Japan). Genomic DNA was extracted from the leaves (5 mm × 5 mm) of wild-type and putatively transgenic plants by boiling, as per the manufacturer's instructions. A 903 bp fragment of the GUS gene (AAC53706) was amplified with a primer set (5'-CGATGCGGTCACTCATTACG-3' and 5'-CTGTAAGTGCGCTTGCTGAG-3'). ACTIN gene was amplified as described previously (Nakano et al. 2011) , as a positive control of DNA extraction.
Results and discussion
Effects of detergents in inoculation buffer on leaf disk viability
Given the water-repelling surface of the Eustoma leaf, the leaf disks stay afloat on the buffer during inoculation. The addition of a detergent to the inoculation buffer was considered to possibly improve infection efficiency, as reported in Arabidopsis thaliana (Kim et al. 2009 ). However, as some detergents are toxic to plant cells (Buchanan 1965) , their effect on leaf disk viability was studied. Tween 20 and Triton X-100 are widely used detergents in transformation experiments (e.g. Kim et al. 2009 ). Silwet L-77 is used in Agrobacterium-mediated transformation of Arabidopsis using the floral dip method (Clough and Bent 1998) . Almost all the disks soaked in Tween 20 were viable after 7 days (Table 1) . Conversely, not all disks were viable after soaking in Triton X-100 or Silwet L-77 at 0.01%. Nearly half of the disks turned brown after being dipped in a medium supplemented with 0.1% Triton X-100. Thus, Tween 20 could be used for inoculation without any negative effect.
Effect of acetosyringone on generation of transformed calli
Next, I studied the effect of acetosyringone (AS) on infection efficiency. AS induces the vir gene in the Ti plasmid of Agrobacterium and enhances infection (Baker et al. 2005) . AS is used for the transformation of monocots, such as Oryza sativa, which do not produce AS-like phenolic compounds (Hiei et al. 1994) . In Eustoma transformation, AS is only used during the inoculation step (Isuzugawa et al. 2002; Thiruvengadam and Yang 2009) . Here, I studied the effect of AS during inoculation and co-cultivation. After co-cultivation, transformed cells were selected on the medium supplemented with kanamycin. GUS activity derived from the vector pBI121 was detected by histochemical staining of the calli. No callus formation was observed on the cut surface of the leaf disks from non-transformed wild type plants (data not shown). Adding AS to the inoculation buffer did not affect the formation of kanamycin-resistant or GUS-stained calli (Table 2) , as reported by Isuzugawa et al. (2002) . In contrast, adding AS to the co-cultivation medium increased the number of kanamycin-resistant and X-Gluc-stained calli ( Fig. 1 A and B; Table 2 ). In wheat, 0.1 mM of AS in the cocultivation medium resulted in a sevenfold increase of transformed calli (McCormac et al. 1998 ). The addition of AS into the co-cultivation medium seems effective in Agrobacterium-mediated transformation of Eustoma, as well as monocots. Some calli were kanamycin-resistant, but were not stained by X-Gluc ( Fig. 1A and B ; Table 2 ). This was probably because the expression of GUS was insufficient for detection in these calli or AS induced the formation of non-transformed calli. * A total of 20 leaf disks was used for each treatment. * Values are means ± SE (n = 3). * Different lowercase letters indicate significant differences among the treatments (Tukey's test, P < 0.05). AS concentration in the inoculation buffer was 0.1 mM. *Twenty leaf disks were grown on CIM containing kanamycin for 4 weeks. Values are means ± SE (n = 3). **Twenty leaf disks were grown on CIM for 1 week and on the shoot induction medium for 6 weeks in the presence of kanamycin. Values are means ± SE (n = 3). Different lowercase letters indicate significant differences among the treatments (Tukey's test, P < 0.05). 
Efficient transformation of E. grandiflorum
Finally, the combined effect of Tween 20 and AS was tested. Different combinations of the inoculation buffer containing 0, 0.01, or 0.1% Tween 20 and cocultivation medium containing 0 or 0.01 mM of AS were used. A total of 20 leaf disks was used for each treatment. The presence of AS in the co-cultivation medium strongly enhanced infection efficiency (Table 3 ). The addition of detergent in the inoculation buffer slightly improved the transformation efficiency in Arabidopsis (Kim et al. 2009 ). Tween 20 alone did not affect the transformation efficiency in Eustoma (Table 3) . Tween 20 present in the inoculation buffer slightly increased the number of transformed calli only in combination with AS (Table 3) . When the leaf disks were selected on the shoot regeneration medium described previously (Isuzugawa et al. 2002) , transformed shoots could be successfully obtained ( Fig. 1C ; Table 3 ). Genomic PCR of six randomly selected shoots confirmed that GUS gene was successfully integrated into their genome (Fig.  1D ). In conclusion, the incorporation of a gene of interest into the Eustoma genome by Agrobacterium-mediated transformation can be intensified by adding AS during co-cultivation.
